Apparent absorption and retention of Ca, P, Mg, K, Cu, Mn, Zn, and S were determined in Holstein heifers treated with recombinant bovine somatotropin @ST). Six heifers (initial BW averaged 104 kg) were assigned to various doses of bST in a 6 x 6 Latin square design with six consecutive 21d periods. Treatments were daily i.m. injections of 0, 6.7, 33.3, 66.7,100, or 200 pg of WT/kg of BW on d 8 to 21 of each period. All heifers were fed a hayconcentrate diet, and nutrient digestibilities and balances were determined on d 14 to 20 of each period. Mineral concentrations in feed, water, excreta, and blood plasma were determined with an inductively coupled argon plasmaemission spectrometer. Exogenous bST did not aff& apparent absorption or retention of Ca, P, Mg, K, Cu, Mn, or Zn. Plasma CU concentration was greater (P < .05) in heifers receiving bST (82 pg of Wdl) than in those receiving excipient (73 pg of Cu/dl); plasma concentrations of other elements were not affected by bST. Injection of bST did not affect S absorption, but urinary S excretion decreased (P < .05) and S retention increased (P c .05) as dose of bST increased. The amount of S retained (1.5 g/d) when the heifers received the largest dose of bST was approximately 50% greater than the amount retained when heifers received excipient.
Introduction
Exogenous somatotropin (ST) administered to growing ruminants increases growth, enlApprecia!ion is extended to the UpJohn Co. for donating the somatotropin wad in this study. The excellent technical assistance of hhgda Southworth is acknowledged.
*MaUion of a trade namt or proprietary product does not constitate a guarantee or warmy of the prodact by USDA or imply its approval to the exclusion of o b products or vendors that may be suitable.
hances production efficiency, and improves carcass quality through decreased fat and increased protein accretion (Enright, 1989) . These and other observations are consistent with ST affecting the utilization and partitioning of nutrients among tissues (Bauman et al., 1982; Boyd and Bauman, 1989) . Similarly, exogenous ST may affect the utilization of mineral elements because they are involved either directly or indirectly in various anabolic processes.
Ef'fects of ST on bone growth and mineralization (Johnsson et al., 1985; Capema et al., 1989; Goff et al., 1990) , trace mineral status (Capema et al., 1989) , and mineral concentrations in milk (Eppard et al., 1985) , serum (Eisemann et al., 1986b; Goff et al., 1990) , and various tissues (Boila et al., 1990 ) have been investigated in livestock. Exogenous ST in-
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creased Ca absorption and improved Ca and P retention in wethers (Braithwaite, 1975a) , but effects of ST on mineral absorption and retention have not been studied extensively.
We determined the apparent absorption and retention of various minerals in growing dairy heifers treated with exogenous bovine ST (bST). Effects of bST on mineral utilization were evaluated in conjunction with research to examine effects of dose of bST on nutrient utilization and N retention (Crooker et al., 190) .
Materials and Methods
Animals and Diet. Details concerning the care of six Holstein heifers used in the study have been described (Crooker et al., 1990) . Briefly, the heifers were housed in metabolism stalls located in the Cornell Large Animal Research and Teaching Unit. All animals were fed a hay-concentrate diet, and the daily allotment of feed was provided in equal amounts at 0700 and 1900. The amount of feed offered each heifer during each 21-d experimental period was based on her average BW determined the first 3 d of that period. Initial BW at the start of the study averaged 104 kg.
The diet was formulated and fed at a rate to attain an ADG in BW of .75 kg (NRC, 1978) . Dietary protein content was increased 15% above the recommended amount to allow for any enhancement of growth (protein accretion) caused by bST. The diet contained the following (g/kg of DM): mixed grass hay, 356; soybean meal, 130; ground shelled corn, 471; dried molasses, 30; trace mineralii sal@, 3.1; mineral mix with vitamins7, 2.3; and CaSO4, 7.6. The diet was mixed in two lots, and each mixture was analyzed for Ca, P, Mg, K, S, Cu, Mn, and Zn gable 1) and for nutrient content (Crooker et al., 1990) . All heifers had free access to drinking water, and individual daily intake was recordeds. The mined content of drinking water was determined, and average concentrations of Ca, P, Mg, K, S, Cu, Mn, and Zn in drinking water were 46, 1, 8, 9, 8, .l, .01 Experimental Design. After a 35-d adaptation interval, the heifers (104 f 5 kg BW) were assigned randomly to six treatments (doses) of bST in a 6 x 6 Latin square design with six consecutive 21-d experimental periods. Treatments were daily i.m. injections of either 0, 6.7, 33.3, 66.7, 100, or 200 pg of bST/kg of BW administered at 1200 on d 8 to 21 of each period. The 4-ml injections were rotated among the upper and lower regions of the left and right flank.
A lyophilized powder of recombinant bST (1.5 IU/mg of p r~t e i n )~ in sodium bicarbonate buffer was reconstituted in sterile distilled water to fonn a stock solution (10 mg of bST/ ml). Injections for individual heifers were prepared by appropriate dilution of the stock solution with reconstituted buffer. The stock solution and individual doses were prepared on d 6 or 7 of each period. AU individual daily doses of excipient (reconstituted buffer only) Throughout numerous studies, we have consistently observed that one cycle of freezing and thawing does not affect the activity of the hormone as measured by RIA. Moreover, dosedependent changes in plasma bST concentrations determined by double-antibody RIA suggest that biological activity of the hormone was not affected by freezing. Average daily plasma bST concentrations were 4. 8, 6.4, 13.6, 24.6, 30.7, and 64 .0 ng/ml when the respective bST treatments were 0, 6.7, 33.3, 66.7, 100, and 200 pgkg of BW (Crooker et al., 1990) .
and bST
Stored at -20'C until used.
Balance Trials. In addition to BW measurements, the first 7 d of each 21-d period were used to allow animals to r e m to pretreatment conditions and to adapt to the increase in DMI that occurred at the start of the period. Samples of feed and water were collected on d 8 to 21. Urine and feces were collected separately on d 14 to 20 (Crooker et al., 1990) . Care was taken to prevent contamination of all samples; however, tests were not conducted to determine whether minerals adhered to or leached from the urinary catheters or the fiberglass containers used to collect feces. Feed intake, water consumption, and output of urine and feces were quantified daily during collection periods. Samples of feed, urine, and feces were composited appropriately into single samples; subsamples of each were stored (Crooker et al., 1990 ) until they were analyzed. Mineral intake represents the amount contributed by both the diet and the drinking water.
A catheter was inserted into a jugular vein of each heifer on d 20 of each period, and blood samples were obtained at 4-h intervals beginning at 0200 on d 21. The samples were placed in tubes without stoppers and were kept on ice until they were centrifuged to isolate plasma (Crooker et al., 1990) . A composite sample of blood plasma for each heiferdose combination was prepared by mixing .5 ml of plasma from each of six samples collected at 4-h intervals. This resulted in a composite sample for each animal that was representative for the day. Composite plasma samples were frozen and stored at -20'C until they were analyzed. Blood was not obtained from the heifer provided 33 pg of bST/kg of BW in Period 2 because she refused feed on d 21.
Chemical Analyses. All glassware and plastic containers were cleaned with acid as described by Cary (1985) . Cornposited samples of feed, feces, urine, and blood plasma were wet-digested in nitric and perchloric acids, diluted in 3 N nitric acid, and analyzed for Ca, P, Mg, K, S, Cu, Mn, and Z n using inductively coupled plasma atomic emission spectrometry (ICP-AES)lo as described previously (Eppard et al., 1985) . Samples of drinking water were diluted 1:5 (volhol) with nitric acid and then Sratisrical Analysis. Data were evaluated statistically by ANOVA for a complete Latin square design. When significant (P < .l) treatment effects were detected, means were compared by the Isd method (Steel and Tome, 1960) . As determined by the procedure of Cochran and Cox (1957) , there was no significant (P > .l) residual or cany-over effect of any treatment into the succeeding perid Percentage data were evaluated with and without arcsin transformation (Steel and Tome, 1960) , and conclusions were similar regardless of method. Missing values for plasma concentrations of minerals were calculated (Steel and T h e , 1960) for the heifer from which blood was not obtained during one period. Another heifer developed a urinary bladder infection and excreted large quantities of urine during the last three periods (treatments were 0,33, and 67 pg of bST/kg of BW, respectively). The urinary excretion of some elements (a, Cu. and hh), but not others (Ca, Mg, P, K, and S), increased as urine quantity increased. Consequently, nutrient balance and plasma mineral data were analyzed with and without information from this heifer during these periods. The mean values reported include data from all six heifers because conclusions were not affected by including the information from the animal with the bladder infection in the analyses.
Results and Discussion
Feed intake was restricted to limit ADG in BW to approximately .75 kg. The heifers generally consumed all the food they were offered, and the ADG was .81 f .04 kg (mean f SE). The amount of feed offered each heifer was adjusted according to BW determined at the beginning of each experimental period. Because the heifers gained BW during the experiment, DMI increased from an average of Table 2) . Average DMI by individual heifers ranged from 3.3 to 3.9 kgld gable 2). Intake of DM was not affected by administration of bST to the heifers (Table 2) . Similarly, exogenous ST did not affect feed intake by growing lamb rams (Boila et al., 1990) . Other studies have indicated that exogenous ST reduced voluntary feed intake by growing steers (Peters, 1986) and by pigs (Campbell et al., 1988) given ad libitum access to feed but not in animals offered restricted amounts of feed.
The experimental design and the relatively short treatment periods precluded determination of effects of bST on BW gain by the heifers. During the study, BW of the heifers averaged 152. (Boila et al., 1990) .
The heifers had free access to drinking water and water intake was not affected (P > 
1990).
Generally, treatment of the heifers with bST did not affect the apparent retention of Ca, P, Mg, or K ( Table 3) . Mineral retention tended to increase when the animals were treated with bST, and the heifers retained more (P < .05)
Mg and K when they were given 33 pg of bST/kg of BW than when they received the excipient. The reason for this response to bST is not apparent, and increased Mg and K retention may represent statistical or sampling error. In contrast to our study, bST injected into wether sheep for 14 d increased the absorption of Ca and increased the retention of Ca and P (Braithwaite, 1975a) . Similarly, bST administered to hypophysectomized rats increased Ca absorption (Mainoya, 1975) . Moreover, treatment of pigs with porcine ST (pST) dApparcnt absorption = intake -fecal excretion. 'Apparent retention = intake -( f d + urinary excretion).
'DBCZS from excipient (P < .OS).
design.
increased serum levels of 1 , % d i h y d r o~-cholecalicifeml and increased small intestinal mass, responses that increased intestinal Ca absorption capabilities (Goff et aL, 1990) .
The reason bST affected Ca and P utilization in sheep (Braithwaite, 1975a) and not in the heifers is not apparent. The disparity between experiments possibly resulted from differences in the ages of the animals and the amount of hormone administered. The wethers were nearly mature and the daily amount of bST administered to the sheep (500 pg/kg of BW) was considerably higher than the maximum dose (200 CLgflrg of BW) given to heifers in our study.
The efficiency of alimentary absorption of minerals, including trace elements (Mertz, 1987) and macroelements (Braithwaite and Riamddin, 1971; Braithwaite, 1975b) , generally decreases with age. The efficiency of Ca absorption may decrease with increased age because of decreased Ca requirements (Braithwaite, 1975b) . Moreover, Braithwaite (1975a) suggested that an effect of bST was to alter Ca metabolism in nearly mature wethers so that it resembled Ca utilization in younger, actively growing animals. Heifers used in our study were relatively young and were growing rapidly throughout the study. Consequently, bST may not have affected alimentary absorption of various elements because mineral absorption already may have been near the rate necessary to meet the requirements for growth.
In young animals, the amount of Ca absorbed may be limited by the amount fed in the diet (Braithwaite and Riazuddin, 1971 ).
Effects of ST on absorption and retention of
Ca and other elements may be reflected by concentrations of minerals in various tissues. Exogenous pST administered daily for about 4 wk to barrow pigs given ad libitum access to feed enhanced the deposition of ash (minerals) in the body, presumably because of accelerated skeletal development (Campbell et al., 1988; Boyd and Bauman, 1989) . Total carcass ash was not affected by exogenous pST in restrictively fed pigs, but pST-treated pigs had larger bones and deposited Ca into bone at a greater rate than did control pigs (Goff et al., 1990) . However, Ca concentration in bone of growing pigs was not affected by pST treatment (Capema et al., 1989) . Moreover, administration of bST to lactating mice for up to 18 d did not affect the concentration of Ca in various tissues, but carcass Mg concentration was lower in ST-treated mice than in the control animals (Ballantine and Herbein, 1988) . Calcium concentrations in various tissues of growing lamb rams were not affected by exogenous bST injected daily for 13 wk (Boila et al., 1990) . Thus, it seems that the influence of exogenous ST on the retention and concentration of Ca in tissues may be affected by physiological status of the animal, duration of treatment, and biological responsiveness of the animal. The Latin square design used in our study prevented carcass mineral analyses.
Administration of bST to the heifers did not affect apparent retention of Cu, Mn, or Zn (Table 4) . In gmwing pigs, Fe metabolism was altered by exogenous pST, but the hormone generally did not affect the Cu or Z u status of the animals (Capema et al., 1989) . In contrast,
Cu and Zn concentrations in liver and kidney were lower in growing ram lambs treated with pituitaryderived bST than in control lambs (Boila et al., 1990) . Boila et al. (1990) suggested that tissue Zn content in ST-treated lambs decreased because ST possibly altered the form of Zn in blood and increased the urinary excretion of Zn. In our study, administration of bST to the heifers did not increase urinary Zn excretion. Rather, urinary Zn excretion tended to be lower when the heifers received ST than when they were given the excipient (Table 4) . Fron et al. (1990) reported that apparent absorption and urinary excretion of S averaged 68 and 58% of intake, respectively, in Angus heifers fed fescue hay plus supplemental S as either methionine or sodium sulfate. These values are similar to those we observed for heifers receiving the excipient ( Table 4) . Treatment of the heifers with bST did not affect the amount of S absorbed, but urinary S excretion tended to decrease as the dose of bST increased (Table 4 ). This decrease in urinary S excretion resulted in increased (P < .05) retention of S in heifers receiving 100 and 200 pg of bST/kg of BW ( Table 4) . Retention of S increased 50% in heifers receiving the 200 pgkg dose compared with control heifers. As previously reported by Cmoker et al. (1990) . N retention by these heifers also increased with increasing dose of bST. Increased N retention in growing ruminants treated with bST had been reported previously (GrantleySmith et al., 1983; Eisemann et al., 1986a Eisemann et al., ,b, 1989 . Eisemann and coworkers (1986a, 1989) reported that exogenous bST decreased leucine oxidation and increased whole-body accretion of protein in growing beef cattle. Increased retention of S by heifers treated with bST in our study possibly reflects decreased oxidation and increased incorporation of Scontaining amino acids into proteins. Additionally, because ST affects skeletal development, increased retention of S may reflect enhanced incorporation of S into cartilage (Geschwind, 1961) . Chung et al. (1985) observed a 10% increase in epiphysial cartilage growth in the femur of pigs treated with pST for 30 d. In our study, treating the heifers with bST for 14 d may have improved S retention because of increased cartilage growth.
Plasma concentrations of most elements were not affected by administering bST to the heifers ( Table 3 , and concentrations of mineral elements in plasma were within normal ranges (Underwood, 1977 (Underwood, , 1981 . Eisemann et al., (1986b) reported that serum Ca, Mg, and P concentrations were normal in beef heifers treated with bST; however, serum Mg concentration was higher and P was lower when bST was given than when the placebo was given. In our study, effects of bST on plasma Ca, Mg, and P concentrations were negligible (Table 5) . Similarly, serum Ca concentrations in pigs were not affected by pST treatment (Goff et al., 1990) .
Plasma Cu levels were near the lower end of the normal range reported for cattle (Underwood, 1977) . and plasma Cu concentration increased (P c .05) when the heifers were treated with bST ( Table 5 ). The reason plasma Cu levels increased in response to exogenous bST is not apparent. UMary Cu excretion was slightly lower when the heifers received bST than when they were given the excipient (Table 4) . Copper utilization is influenced markedly by interactions between Cu, S, and Mo (Underwood, 1981; Mills and Davis, 1987) . Because exogenous bST affected the postabsorI#ive utilization of S (Table 4) , increased plasma Cu levels may reflect either altered Cu-S interactions or changes in distribution and compartmentalizatim of Cu and S. In contrast to our results, serum Cu levels in pigs were not affected by treatment with pST (Capema et al., 1989) . Moreover, urinary Cu excretion increased and serum Cu concentration decreased in STdeficient humans treated with ST (Henkin, 1974) . In normal women, the response in plasma Cu to ST seems to depend on the amount of hormone administered.
Plasma Cu concentration in women increased after an acute i.v. infusion of 1 mg of human ST (hST) during a 2-h period but plasma Cu declined in women who received .2 mg of hST during the 2-h period (Brandao-Net0 et al., 1988) .
Summary. Under the conditions of the present study, exogenous bST generally did not affect the apparent absorption or retention of Ca, Mg, P, K, Cu, Mn, and Zn. Urinary S excretion decreased, S retention increased, and plasma Cu mncentration increased in response to exogenous bST administered to growing heifers. The mechanism of bST on postabsorptive metabolism of these elements was not examined in this study.
lmpllcatlons
Exogenous bovine somatotropin generally did not affect the utilization of many mineral elements by growing dairy heifers under the conditions of this study. This suggests that dietary recommendations for minerals may be adequate to meet the mineral needs of growing heifers when they are treated with somatotropin for short periods of time. However, there currently is not enough information to assess the influence of long-term administration of somatotropin on dietary mineral requirements or the utilization of minerals by livestock Somatotropin may affect the disaibution and flux of some minerals in the body because some mineral elements are involved either directly or indirectly in many of the anabolic processes stimulated by somatotropin.
